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IPCC coverage of ocean impacts 
2007: AR4 2014: AR5

• C5: Coastal systems
• C6: Ocean systems
• C30:  The ocean
• Ocean reprint package
• Ocean web site

• C6: Coastal systems

Special reports 2021-2022: AR6

IPCC
Special Report on 
impacts of global 
warming of 1.5 ºC 

above pre-industrial 
levels and related 
global greenhouse 

gas emission 
pathways

[Published October 2018]

IPCC
Special Report on 

Ocean and 
Cryosphere in a 

Changing Climate

[Published Sep. 2019]

WGI: 
Ocean, cryosphere, 

and sea level change 
+ …

WGII: 
Ocean and coastal 

ecosystems and their 
services

+ Regional chapters

[Published October 2018]

Occurrence of ‘ocean’ 
x2.5 in AR5 SPM than in 

AR4 SPM



COPs: multitude d’acteurs



COPs: multitude de side events



4.8 Gt CO2/yr (12%)
+

Global carbon budget (2007-2016)

Le Quéré et al. (2017)
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30%

Oceans
24%

30 millions tonnes CO2 
per day
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4 key messages at COP21
1.  Ocean strongly influences the climate 

system and important provider of key 
services

2.  Impacts already detectable, high risk 
of impacts well before 2100, even 
with a low emission scenario

3.  Immediate and substantial reduction 
of CO2 emissions to prevent massive 
and mostly irreversible impacts 

4.  As CO2 increases, the protection, 
adaptation, and repair options 
become fewer and less effective



Paris Agreement

“Holding the increase in the global average 
temperature to well below 2 °C above pre-industrial 
levels and to pursue efforts to limit the temperature 
increase to 1.5 °C above pre-industrial levels…”



Paris Agreement

1.5 °C mostly based on 
ocean matters



Océan grand oublié des discussions internationales ?

• Non (voir aussi Rochette, 2016)
• Accord de Paris : « Noting the 

importance of ensuring the integrity 
of all ecosystems, including oceans, 
and the protection of biodiversity, 
recognized by some cultures as 
Mother Earth, when taking action to 
address climate change… »

• Bon accord est bon pour l’océan



Ocean-based solutions

Gattuso et al. (sbm)



Solutions considered

Addressing
the causes of
climate
change

Hybrid methods
Hybrid land/ocean methods (e.g.
marine-biomass-fueled energy
with capture on land, marine

biochar, etc.)

Albedo enhancement
Increase surface ocean albedo by
producing long-lived ocean foam

Cloud brightening
Adding cloud condensation nuclei to
the lower atmosphere to enhance
cloud brightness and longevity

Renewable energy
Ocean energy substitution

of fossil energy

Restoring hydrology
Maintain and restore coastal hydrological regimes
including riverine delivery of water and sediments

Fertilization
Enhance open-ocean

productivity by adding nutrients

Alkalinization
Addition of natural or man-made

alkalinity to enhance CO2
removal and/or carbon

(global & local)

Manipulation
of biological
and ecological
adaptation

Protection
of biota and
ecosystems

Eliminating overexploitation
Eliminate overexploitation of living resources
and over-extraction of non-living resources

Protection
Protect marine habitats and ecosystems
through spatial measures including marine
protected areas

Assisted evolution
Assisted evolution and
genetic modifications

CO2

Relocation
and reef restoration
Restore and enhance
degraded habitats and
ecosystems, and create
new habitats

Pollution reduction
Reduce pollution from all sources,

including land and rivers

Solar radiation
management

Taking
action

Vegetation
Restoration and conservation of

coastal vegetation to enhance CO2
uptake and avoid further emissions

(global & local)

G
attuso et al. (sbm

)



SDGs
Singh et al. (2017)



Many thanks to coauthors

More: http://bit.ly/1M6YiS6

http://bit.ly/1M6YiS6


Objectives of The Ocean Solutions Initiative

Gattuso et al. (sbm)



Objectives of The Ocean Solutions Initiative
•Assess potential of ocean-based measures to:

•reduce changes in three major climate-related drivers (ocean 
warming, ocean acidification, and sea-level rise) both globally 
and/or locally

•reduce adverse impacts on 
•vital climate-sensitive ecosystems (coral reefs, mangroves 

and salt marshes, seagrass beds, and Arctic biota) and 
•ecosystem services (fin fisheries, fish aquaculture, coastal 

protection, and bivalve fisheries and aquaculture)
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Objectives of The Ocean Solutions Initiative
•Assess potential of ocean-based measures to:

•reduce changes in three major climate-related drivers (ocean 
warming, ocean acidification, and sea-level rise) both globally 
and/or locally

•reduce adverse impacts on 
•vital climate-sensitive ecosystems (coral reefs, mangroves 

and salt marshes, seagrass beds, and Arctic biota) and 
•ecosystem services (fin fisheries, fish aquaculture, coastal 

protection, and bivalve fisheries and aquaculture)
•Expert assessment based on 8 criteria: 

•environmental effectiveness
•technological readiness
•lead time until full potential effectiveness
•duration of benefits
•co-benefits
•disbenefits
•cost effectiveness
•governability from an international perspective
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G
attuso et al. (2015)
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Solar radiation management
G

attuso et al. (sbm
)

Albedo enhancement
Increase surface ocean albedo by
producing long-lived ocean foam

Cloud brightening
Adding cloud condensation nuclei to
the lower atmosphere to enhance
cloud brightness and longevity

Solar radiation
management



Manipulations
G

attuso et al. (sbm
)

Manipulation
of biological
and ecological
adaptation

Assisted evolution
Assisted evolution and
genetic modifications

Relocation
and reef restoration
Restore and enhance
degraded habitats and
ecosystems, and create
new habitats



Protection
G

attuso et al. (sbm
)

Restoring hydrology
Maintain and restore coastal hydrological regimes
including riverine delivery of water and sediments

Protection
of biota and
ecosystems

Eliminating overexploitation
Eliminate overexploitation of living resources
and over-extraction of non-living resources

Protection
Protect marine habitats and ecosystems
through spatial measures including marine
protected areas

Pollution reduction
Reduce pollution from all sources,

including land and rivers



Geophysical potential for wind energy 
over the open oceans 

• Possner & Caldeira (PNAS, 2017)
• Land: upper  limit to the amount of 

energy that can be generated by a 
wind farm

• Ocean:
• wind speeds can be as much as 70% 

higher than on land
• better wind replenishment
• upper limit considerably higher

• Wind power available in the North 
Atlantic could be sufficient to power the 
world

• Caveats:
• theoretical calculations
• winds aren’t equally strong in all seasons
• technologies at such a scale, much less 

transfer it to shore, do not currently exist
• simulations suggest that extracting this 

much wind energy would have planetary-
scale effects, including cooling down 
parts of the Arctic by as much as 13°C ©
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decisions favoring any measure consider multiple criteria such as 
effectiveness, feasibility, co-benefits, disbenefits, cost 
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2. Greatest benefit is derived from the combination of global and 
local solutions, some of which can be scaled-up immediately

3. Most of the global measures (except renewable energy) currently 
exhibit too many uncertainties to be recommended for large-scale 
deployment, whereas local measures appear to be no-regret 
options (although far less effective to address the global problem)

4. Multiple-scale action calls for a diversity of actors to be involved, 
which in turn requires the international community to ensure 
consistency in global to local action

5. Since controversies and uncertainties hamper the worldwide 
spread of action, scientific effort must focus on effectiveness, co-
benefits, disbenefits, and costings of poorly tested as well as new 
and emerging measures

Gattuso et al. (sbm)


